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Background: The use of radiation for medical purposes falls under the purview of the Food and Drug Administration
(FDA) and individual states. Enhanced regulations are in place to promote the right exam for the right reason at the right
time for every patient exposed to medical x-rays.
Methods: The February 2010 FDA initiative to reduce unnecessary radiation exposure from fluoroscopy, CT, and nuclear
medicine studies is reviewed along with regulations currently in place.
Results: Facilities granting privileges to physicians performing fluoroscopic procedures need to ensure appropriate
education so they can assess individual patient risk and benefit on a case-by-case basis. These are guidelines with individual
states controlling requirements.
Conclusion:Regulation of education, training, and credentialing for physician operators of fluoroscopic equipment is currently
controlled by individual states and is not uniform. There are strong indications that the FDA and or the Joint Commissionwill
become increasingly involved to increase documentation of patient exposure and safety. (J Vasc Surg 2011;53:44S-46S.)In the United States, regulation of radiation exposure is
administered through governmental agencies at both the state
and national level. Agencies include the Nuclear Regulatory
Commission (NRC), the Food and Drug Administration
(FDA), the Department of Transportation (DOT), the Envi-
ronmental Protection Agency (EPA), and individual states.
The NRC, DOT, and EPA are primarily involved with radio-
activematerials, andwill not be discussed further in this article.
The use of radiation for medical purposes falls under the
purview of the FDA and individual states; more recently the
Joint Commission (JC) has indicated that it may also become
involved.1
The FDA, through its Center for Devices and Radio-
logical Health (CDRH), regulates radiation-emitting de-
vices used in medicine. Its regulations can be found in Title
21 of the Code of Federal Regulations.2 Regulation of
medical practitioners, including technologists and physi-
cians, is currently managed by individual states.
DEVICE MANAGEMENT: THE ROLE OF THE
FDA
The FDA promulgates standards for themanufacture and
performance of ionizing radiation-emitting equipment, in-
cluding fluoroscopic and angiographic machines used by en-
dovascular specialists. The standards address topics such as
radiation field limitations and exposure rates, measured as air
kerma. For fluoroscopic equipment, regulation of air kerma
includes maximum allowable rates as well as the locations
where rates are measured. In general, air kerma rates cannot
exceed 88 mGy per minute—the machine will discontinue
functioning if this rate is exceeded. High level exposures are
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44Sallowed, but must be manually controlled by the operator,
and a continuous audible signal indicates that the equipment
is being used in this mode. The x-ray tube potential and
current are limited, and the x-ray source must be a certain
distance from the skin. The equipment must display the cu-
mulative exposure time. To remind the operator of the expo-
sure time, an audible signal is activated after every 5minutes of
fluoroscopy and must be manually discontinued. For equip-
ment manufactured after June 10, 2006, the air kerma rate
and the cumulative air kerma must be displayed in a location
easily observable by the operator. In addition, the equip-
ment must have the capability of providing a “last-image-
hold” function whereby physicians can view and discuss an
image during a procedure without continuing to irradiate
the patient.2
The purpose of these enhanced regulations is to “pro-
mote the mantra: every time a patient is exposed to medical
x-rays that it be . . . the right exam, for the right reason, at
the right time”.3 There has been growing concern that
patients who receive high doses or multiple examinations
are at risk for skin burns and radiation-induced cancer. In
February 2010, the FDA announced an initiative to reduce
“unnecessary” radiation exposure from fluoroscopy, com-
puted tomography (CT), and nuclear medicine studies.
Two principles of radiation protection were proposed: ap-
propriate justification for the procedure, and optimization
of the radiation dose utilized.4 It has been suggested that
additional safeguards will be required on both fluoroscopy
equipment and CT scanners to meet these requirements,
including an audible alert for practitioners when the dose
exceeds a diagnostic reference level, a mechanism whereby
the radiation dose a patient receives during a study could be
transferred to the patient’s electronic medical record and a
national dose registry, and training for practitioners.4
REGULATION OF PRACTITIONERS
Technologists. There are no uniform nationwide
standards for technologists who operate equipment, which
produces radiation in the United States. The original law
addressing licensing of radiologic technologists was the
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1981. This law directed the United States Department of
Health and Human Services (HHS) to create regulations
specifying the education and credentialing of radiologic
technicians, radiation therapists, dental radiographers,
sonographers, and nuclear medicine technologists. How-
ever, enforcement was left to the individual states, and at
this time there are no penalties if states do not meet the
HHS requirements. Although some states follow federal
government guidelines, others do not, meaning that no
single standard exists for the nation as a whole. The Amer-
ican Society of Radiologic Technologists has repeatedly
attempted to institute uniform guidelines through the in-
troduction of the “Consistency, Accuracy, Responsibility
and Excellence in Medical Imaging and Radiation Therapy
(CARE)” bill, which would charge HHS with promulgat-
ing updated regulations delineating certification require-
ments for technologists who perform medical imaging and
radiation therapy. The bill was first introduced in 1998, but
as of this writing, has still not become law.5
Physicians. In 1994, the FDA introduced a regulation
entitled “Avoidance of Serious X-ray Induced Skin Injuries
to Patients During Fluoroscopically Guided Procedures.”
The regulation provided guidelines for education and cre-
dentialing of physicians, as well as technologists, perform-
ing fluoroscopic procedures. The guidelines recommended
the following:
(1) All operators be trained and understand operation of
the fluoroscopy system that they use, including the implica-
tions for radiation exposure from each mode of operation.
(2) Facilities ensure that physicians performing fluoro-
scopic procedures have education so they can, on a case-by-
case basis, assess risks and benefits for individual patients,
considering variables such as age, beam location and direc-
tion, tissues in the beam, and previous fluoroscopic proce-
dures or radiation therapy.
(3) Patients be counseled regarding the symptoms and
risks when radiation exposures are expected to be high.
(4) Physicians justify and limit the use of high dose rate
modes of operation.
(5) Facilities assure appropriate credentials and training
for physicians performing fluoroscopy.6,7
However, because this was only a guideline, the re-
quirements were again delegated to the individual states.
Uniformity does not currently exist either among state
regulations nor across medical disciplines. In general, radi-
ologists are viewed as having adequate education and train-
ing based upon completion of their residencies and certifi-
cation by the American Board of Radiology. However,
nonradiologist physicians may or may not have appropriate
training. A comprehensive description of the requirements
in each of the 50 states is beyond the scope of this article,
but some examples of individual states are provided below.
The state ofMassachusetts requires that all nonradiologist
physician operators of fluoroscopy equipment be trained and
granted a specific privilege to perform fluoroscopy proce-
dures. A policy must be in place in every hospital, which
restricts use of fluoroscopy equipment to physicians with thespecific credential. Furthermore, annual training is required
for the physician to remain credentialed.8
Massachusetts also has restrictive requirements regarding
fluoroscopy equipment. The regulations require a timer with
an audible signal, which is activated with every 5 minutes of
irradiation time, a time display at the fluoroscopist’s working
position, and last image hold (all standard FDA require-
ments). In addition, however, there are requirements for a log
at eachmachine that records, for each case, the patient’s name
and identification number, type and date of examination,
fluoroscopy time, number of spot films, and the operator’s
name. If the fluoroscopy time indicates the possibility of more
than 100 Gy of skin exposure, the procedure must be re-
viewed by the Radiation Safety Committee, and a note must
be entered in the patient’s record.8
Oregon also requires that any physician operating flu-
oroscopy equipment be credentialed specifically for these
procedures, and that he or she be trained in the operation of
fluoroscopy machines, the biologic effects of radiation ex-
posure, and methods for protecting patients and operators.
Radiologic technologists can only operate equipment un-
der the supervision of a credentialed physician, and must be
registered by the American Registry of Radiologic Technol-
ogists. The fluoroscopy time for each procedure must be
entered into the patient’s record.9
Conversely, the state of Colorado does not require that
all physician operators of fluoroscopy equipment be specif-
ically credentialed to perform such procedures. The Colo-
rado Radiation Control Act requires that all operators meet
radiation safety training and experience requirements pro-
mulgated by their respective State of Colorado professional
licensure board. The law states that “a physician, chiroprac-
tor, dentist, podiatrist, or veterinarian who has a current
active license from the appropriate State of Colorado licens-
ing board is considered to have demonstrated adequate
training in radiation safety and the safe and effective use of
the radiation machine and may operate radiation machines
as part of medical or veterinary practice.” It also mandates
that each medical facility have a written procedure for
determining that a physician has adequate training to op-
erate fluoroscopy equipment.10
At the time of this writing, Texas also does not require
specific credentialing for physician operators of fluoroscopy
equipment. However, new rules have been proposed in draft
form and are currently under consideration. The Texas Ad-
ministrative Code for the new draft rules proposes that physi-
cians be trained in an interventional dose management pro-
gram and complete safety awareness training. The safety
training must include education regarding principles and op-
eration of fluoroscopy equipment, the biologic effects of radi-
ation, and techniques for protection of patients and staff.Only
physicians who have completed safety training will be allowed
to operate fluoroscopy equipment.
In addition, the new rules propose that fluoroscopy
equipment have a means to monitor the air kerma or
dose-area product, that a threshold dose for each fluoros-
copy procedure be identified, that procedures be developed
to address cases in which the cumulative radiation dose to
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that a patient awareness program be developed. This pro-
gram would provide a means to educate patients regarding
the risks to the skin (burns) from repetitive fluoroscopy
procedures as well as other radiation examinations such as
computed tomography (personal communication, Texas
Department of State Health Services, Radiation Control
Program, February 19, 2010).
Information on requirements in other states can be
found on their respective state websites.
The guidelines released by the FDA in 1994 resulted
from publication of cases of severe injury from radiation-
induced burns to patients from fluoroscopic proce-
dures.11-13 Since then, the Joint Commission has added
high fluoroscopy doses to the list of events, which are
reviewable under its Sentinel Event Policy. The reviewable
event is “prolonged fluoroscopy with a cumulative dose
1500 rads to a single field or any delivery of radiotherapy
to the wrong region or  25% above the planned dose”.14
The Joint Commission International Accreditation Stan-
dards include a regulation that “individuals with adequate
training, skills, orientation, and experience perform diag-
nostic imaging studies, interpret the results and report the
results”.15 At this time, both the American College of
Radiology16 and the American College of Cardiology1
have published position papers on radiation exposure of
patients and requirements for education and credentialing
of physicians who perform radiologic procedures. In par-
ticular, the ACR has recommended the following:
“(1) The ACR should continue working with the Con-
ference of Radiation Control Program Directors task force
developing the document ‘Suggested State Regulations for
Control of Radiation’ and encourage its member states to
uniformly adopt appropriate regulations (italics added).
(2) The ACR should encourage the Joint Commission
to apply its existing credentialing and privileging standards
to nonradiologist physicians who wish to use fluoroscopy (ital-
ics added).
(3) The ACR should encourage third-party payers to
develop a process for identifying patients who have fre-
quent imaging examinations using ionizing radiation and
to provide feedback regarding these patients to their refer-
ring physicians”.16
SUMMARY AND CONCLUSIONS
The FDA regulates standards for all equipment which
emits radiation, including fluoroscopy machines used by
endovascular specialists. Safeguards to minimize exposure
to patients have become more stringent over time, and are
likely to becomemore so in the future. Because of concerns
regarding patient cumulative exposure and the risk of can-
cer, the FDA will most likely mandate that the exposure
time and an estimate of the effective dose for each proce-
dure be recorded in the patient’s medical record. Equip-
ment modifications to make this possible will be required.
Regulation of education, training, and credentialing for
physician operators of fluoroscopy equipment is currently
controlled by individual states, and the requirements arenot uniform. However the nationwide trend is toward
more stringent training and a specific credential for each
physician to operate fluoroscopy equipment. Moreover,
there are strong indications that the FDA and/or the Joint
Commission will become involved. This will likely lead to
national standards directed toward increased documenta-
tion of patient exposure and safety.
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